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Lichen planus was first described by a British physician named Erasmus Wilson. It is most common in the skin and mucous membrane of the oral cavity, esophagus and genitals.\[[@ref1]\] The lesions in the oral mucous membrane are termed as oral lichen planus (OLP) and may occur with or without skin lesions. When compared with skin lesions OLP follows a more chronic course and can be exacerbated after periods of quiescence. Lesions involve multiple sites in the oral cavity and are often bilateral. In general, it is considered affecting about 1-2% of the general adult population. OLP has been described as a disease of the middle-aged, predominantly in adults over the age of 40, and more common in women than men in a ratio of 1.4:1.\[[@ref2][@ref3][@ref4]\] Various clinical forms of OLP have been described by Andreasen such as papular, reticular, plaque type, atrophic, erosive and bullous.\[[@ref5]\] OLP takes its clinical importance from the fact that it is considered a potentially malignant disorder (PMD).\[[@ref6]\] Although OLP is considered a PMD, the subtype of OLP at most risk is still a matter of debate with most authors considering the atrophic and erosive types as being more susceptible and few believing all the subtypes are at equal risk.\[[@ref7][@ref8][@ref9]\]

Recently, diagnostic cytopathology has attracted tremendous interest as new adjunctive diagnostic methods have been applied. One of them being DNA-image cytometry (DIC) on Feulgen stained smears and is considered the cytometric equivalent of chromosomal aneuploidy and is an internationally accepted marker for neoplastic transformation of cells in tumors of lung, cervix and also the oral cavity.\[[@ref10][@ref11][@ref12][@ref13]\] The aim of this study was to assess the ploidy status of 48 OLP cases using DIC. This study was carried out as there are numerous studies on other PMD lesions such as leukoplakia and erythroplakia, but there are very few previous studies specifically done on oral lichen using DIC and the first in an Indian population.\[[@ref14][@ref15]\]

Materials and Methods {#sec1-2}
=====================

This study was carried out after obtaining clearance from the ethical committee in the University. The study comprised of 48 patients (26 males and 22 females) with clinically and histologically proven OLP consisting of the reticular, plaque type, atrophic and erosive subtype and 10 controls (5 males and 5 females) \[[Table 1](#T1){ref-type="table"}\]. The 48 patients with OLP considered for the study were broadly divided into two groups. Group I (*n* = 31) consisted of patients with reticular and plaque type of OLP and Group II (*n* = 17) consisted of patients with erosive and atrophic type of OLP. All these patients had no history of consuming alcohol or smoking or any other tobacco related habits and were diagnosed for the first time. The control patients considered to be in Group III were systemically healthy and had no oral mucosal lesions.

###### 

Descriptive statistics of the samples in the study
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After an informed consent, buccal keratinocytes were collected from the lesional areas of patients with OLP and controls using a slightly moistened sterilized wooden spatula (Vishvesh Pvt. Ltd., Chennai, India). The smears were then transferred and spread uniformly on a clean glass slide containing 0.02 M NaCl (Coral Marketing, India), which acts as a buffer and also helps in removing cell debris and bacteria. The slides containing smears were fixed in 95% alcohol for 30 min. The slides were then stained by using Feulgen reaction (Artisan Feulgen Kit, Dako). After reviewing, the smears were further subjected to DIC evaluation. For each slide, 200 representative cells with distinct cellular and nuclear outlines, avoiding overlapping cells were captured as high quality photomicrographs using a Nikon 4100 digital camera (Nikon, Japan) attached to an Olympus CK trinocular microscope (Olympus, Japan). Images of 20 lymphocytes from each slide were also captured for diploid (2c) reference. The captured images were transferred to a computer for image analysis. The final image captured on the monitor had a magnification of ×400.

The DIC evaluation was done using image analyzer software, ImageJ 1.48 v (National Institutes of Health, USA). Each image was first converted into 8-bit grayscale one. The nucleus of each exfoliated epithelial cell and lymphocyte was selected using the 'free hand tool' in the software and the following measurements were taken into account; integrated optical density (IOD), minimum, maximum and mean density \[[Figure 1](#F1){ref-type="fig"}\]. These parameters were studied to evaluate the ploidy status. The recommendations contained in the European Society for Analytical Cellular Pathology consensus report on diagnostic DIC were followed.\[[@ref16][@ref17][@ref18][@ref19]\]

![Screenshot of measurement of integrated optical density using Image J software](JCytol-31-131-g002){#F1}

For each slide, the ploidy status was calculated as follows. The mean IOD of the nucleus of 20 lymphocytes was considered to be 2c. Then the mean IOD for nuclei of 200 keratinocytes was calculated. This value was divided by the IOD of lymphocytes to calculate DNA stemline (STL). The ploidy status of each slide depended on this STL. A slide was considered to be diploid if STL was between 1.80c and 2.20c and as tetraploid if the STL was between 3.60c and 4.40c. The lesion was characterized as DNA-aneuploid, if an abnormal STL was \<1.80c and \>2.20c or \<3.60c and \>4.40c and/or exceeding 9c.\[[@ref20]\] Thus the ploidy status for each of the 48 samples was determined.

Statistical analysis of the data was performed using the SPSS software version 17.0 (IBM, USA) for Windows 7 (Microsoft, USA). The Chi-square test of analysis was done, and the significance level was set at 0.05.

Results {#sec1-3}
=======

The mean IOD in Group I (reticular/plaque type OLP) was 442149.11 ± 228062.04. The maximum, minimum and mean intensity was 129.74 ± 20.04, 80.68 ± 15.62 and 100.30 ± 17.89, respectively. In Group II (erosive/atrophic type OLP) the IOD was observed to be 1044111.69 ± 148264.99 whereas the maximum, minimum and mean intensity was 164.31 ± 12.06, 126.15 ± 22.04 and 144.22 ± 17.61, respectively. In controls (Group III) the IOD was 447699.2 ± 253576.80. The maximum, minimum, and mean densities were 101.195 ± 7.70, 83.2 ± 5.40 and 129.00 ± 6.96 respectively \[[Table 2](#T2){ref-type="table"}\].

###### 

Image analysis of reticular/plaque type (Group I), erosive/atrophic type (Group II) of OLP and Group III (controls)
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The ploidy status was calculated using the IOD of the nuclei of exfoliated cells. In the reticular and plaque type OLP group (Group I), 29 of the 31 were diploid, 2 were tetraploid and none was aneuploid. The number of cases with a diploid set of chromosomes showed a statistically significant value in Group I. A statistically significant number of cases showed aneuploidy (11 out of 17) in the erosive and atrophic types of OLP (Group II), whereas as only 1 was tetraploid and 6 were diploid \[[Table 3](#T3){ref-type="table"}\]. When the ploidy status was compared between the erosive OLP cases and atrophic OLP cases, no statistical difference was observed \[[Table 4](#T4){ref-type="table"}\].
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Ploidy status in various clinical forms of OLP

![](JCytol-31-131-g004)

###### 

Ploidy status in atrophic and erosive OLP
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Discussion {#sec1-4}
==========

The application of cytology as a noninvasive and an adjuvant for oral lesions is well established. Detection of ploidy status using DIC in exfoliated cells has proven to give satisfactory results with sensitivity and specificity close to the hematoxylin and eosin stained biopsies, which are considered to be the gold standard for diagnosis.\[[@ref12][@ref19][@ref20][@ref21]\] In our study, we have assessed the ploidy status using DIC. Aneuploidy is considered to be one of the most sensitive and effective indicators of malignant transformation in the oral cavity and has been used to assess PMD\'s such as leukoplakia, erythroplakia and oral submucous fibrosis. In this study, we have assessed the ploidy status in OLP which is also considered to be PMD.\[[@ref22][@ref23]\] In this study, we have used the Feulgen stain to quantitatively assess the ploidy status of the cells. Feulgen reaction ensures that staining intensity is in proportion to DNA content, and since it is a stoichiometric procedure and each fixed molecule of Schiff\'s reagent corresponds to a constant and equivalent portion of the DNA molecule. Another advantage of this procedure is that staining intensities can be automatically detected by image analysis software. To minimize the error caused by evaluation of cytological samples where the superficial degenerated cells may show an altered DNA content, a second cytological smear was taken as done by Souto *et al*.\[[@ref24][@ref25][@ref26]\]

Oral lichen planus is considered a PMD and the percentage of them turning malignant has been debated over the years and authors have concluded that 0.2-2% of OLP can turn malignant, but the reason for this change is still not known. Authors have not been able to know whether OLP has the inherent potential to turn malignant or is it the altered epithelium that makes it more susceptible to carcinogens.\[[@ref27][@ref28][@ref29]\] The subtype of OLP that is more prone for malignancy is also controversial. This has been investigated by few authors using cytology.\[[@ref29][@ref30][@ref31]\] This study has been done as there are no exclusive studies done to assess the ploidy status of subtypes of OLP using exfoliative cytology and DNA-ICM.

In this study, we observed that 11 smears of patients with erosive and atrophic types of OLP were aneuploid. This is in accordance with the study done by Hosni *et al*.,\[[@ref32]\] in tissue sections who observed that the majority of the aneuploid cases were in the erosive and atrophic subtypes of OLP when compared to reticular type of OLP. Our study also showed similar results. Some authors believe that aneuploidy may be the result of an aberrant nuclear replication or mitotic process that allows an altered quantity of DNA to be conserved within the nuclei or these are likely to represent nonproliferating cells with abnormal chromosomal aneuploidies.\[[@ref17][@ref33]\] Few believe that this might be the result of a multi-step process of accumulated genetic alterations. These alterations affect epithelial cell behavior by way of loss of the chromosomal heterozygosity that in turn leads to a series of events progressing to the ultimate stage of aneuploidy.\[[@ref34]\] The clinical importance of aneuploidy is that the tumor cells with aneuploid nuclei tend to grow faster than normal diploid cells and tend to develop multiple clonal genetic alterations, which lends a clonal population of cells which finally might lead to malignancy. Thus, identification of the ploidy status of a PMD is very important to predict the prognosis.\[[@ref35][@ref36]\] If we take aneuploidy to be a marker of neoplasm, our study shows that the atrophic and erosive types of OLP has a greater propensity to malignant transformation than the reticular and plaque clinical forms of. In our study, we did not observe any statistically significant difference between the erosive and atrophic subtypes of OLP. This could have been due to the small sample size. However, a long-term follow-up study of the cases analyzed here is necessary to confirm these hypotheses.

Conclusions {#sec1-5}
===========

Based on the results observed in our study, it can be summarized that the cells in reticular and plaque type of OLP mostly exhibits diploidy where the cells in erosive and atrophic types of OLP show aneuploidy. Thus, it is very important to follow-up the patients with OLP and exfoliative cytology and DIC can be employed to assess ploidy status. It should be noted that cytology can be a very important adjuvant for diagnosis, follow-up and for mass screening purposes of not only OLP but other PMD\'s such as oral submucous fibrosis, leukoplakia and erythroplakia.
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